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SUMMARY
During the past twenty years, laser Doppler anemometry has become an important
non-intrusive diagnostic tool. It has been ased fi)r detailed and accurate measurement of
tluid flows in wind tunnels, air-breathing engines, rocket motors, shock tubes, etc. A recent
study by Rocketdyne for NASA identified laser anemometry, using a compact optical head,
as a feasible diagnostic instrument for the SSME Model Verification experiments. PRi is
presently under contract from NASA Lewis to develop and deliver such a laser anemometer
system. For this application, it is desired to place the laser at a remote distance from the
engine, and use single mode polarization preserving fiber optics for the transmission of the
laser light to and from the measurement head.
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Other requirements for the instrument
Two simultaneous components
Flow velocity: -300 to 300 m/s
Flow angle: 0 to 360"
Severe vibration and temperature environments as specified
Measurement resolution:
Optical probe dimensions:
1 mm (normal to the flow)
25 mm diameter; 15 cm length
Total run time: 500 seconds
Accuracy: 5% velocity magnitude, 3 degree in angle
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Analytical and experimental tools are being used to develop the technologies
required for the laser anemometer. These include finite element analysis of the optical
head and vibration tests for various optical and mechanical components. Design of the
optical head and the fiber optic connectors are driven by the temperature and vibration
requirements for the measurement environment. Results of the finite element analysis and
the vibration tests of the components are included. Conceptual design of the fiber optic
launcher and the optical probe has also bee complete. Detailed design of the probe as
well as the fabrication and assembly of the components is in progress.
It is anticipated that the anemometer will be fabricated and its performance
evaluated through a series of vibration and environmental tests before the delivery of the
optical system to NASA for further evaluation.
Vit)rali_m l)owcf Spectral Density
0.8
0.7
0.6
0.5
0,4
0.3
0,2
0.1
[ lilt)o, 0.86)
t510, 0.15) /I
/_(1690, 0._) [ L" (19so. J.,)
/ x/ ,.0o0,
(]62o. o.4o1
(1o9o)o.281 /
(re)o,o.15) / ....(I_4o,o.28)
(670,) 0,037)J_ /
18o o 003, (490.0.037)1.//'\ /
( . • , _-_ .... v "_,/
100 ' 300 500 700 900) 1000 i200 1400 1600 1800 2000 liP-
/
( 0:;, :'.(Jl)
106
OR!G!NAL PAGE IS
OF POOR QUALITY
ORIGINALPAGEIS
OF POORQUALITY
{'()lll|)OliCnl _yMel|l ])Lll_ra.l
lEST ml(;*
I _/ liflil_ I lil_
I
It I_,__,__l F-7_'_m<'-_ \<U,;/""
H ,-:.L: /!
II . l<_:::°'<'[--1 I l , _'
Jli_l l_.<lu.l.l hi il_l d.llvwllbll_.
tll
()liticul {'lliifigui'iilion (if illc _lJlirce Sysi_in
sldevlew
I'lism
" S 7lilt nlill f|, _.'fl%
II
o ....._-__--ill .....-_-+-7 -_z
3 h()l I()m vlew ,_,._. _ _
........ I:t ___ ,i II - -- C)I''''<''_ 1 I_'""°>-I
_: :" '°° -_--(o
I t_li,. 3000 II " -- 'i-fi' -...... tC.)
i07
OR;GINAL PAGE IS
OF POOR QUALITY
f)i,_li__'_lIIc,.I I +u+ign
®
..............._ _::;ln+_- __.
I. Tr;mslllitt+r Icl+s 8. II_,:k_hcll
"). |:OCtl_ [¢II5. _" ( 1;11]
3. Sp,icer Ill, Splicer
4. I(_'eiv_ Fihcr S_L_e I I. Shell
.S. Pri_l_(';irricr 12. liccciv,'_l;ib_:r
I_. C_dlhll_ting l.enscs AliB¢_mc_=t As_,c_l_ly 13. I=_is..
7. Spid_:rl(i_g t4. Fecdb;_ck
l_t.llgl • I/_i¢llt I_'. II_,- 7/
l)ivisi_,, of Ih_: Pr_bc i_llo 'l'w_ Can|ilcve_'s |_ h_d_:pc_dc_l A.:llysis
i tl l, _ll_,l_ It1 _lll. Ililll II_N
108
ORIGINAL PAGE IS
OF POOR QUALITY
Finilc Element M,)del t_f the Pr()h¢, Includi.g the l.¢n_es _.lnd Fiber llolders
V I {.7(IJll I_O_lt[_il_.. Im UNIIi PIA II'rll
G.I_W _EAIiI:AL 11_4 L_4111i rti IPIE_(
j _/."
/I_P[M" I/_J, Ill I f. 10_ "91
5mm slit
He-Na
I}¢;ml ()==_lity Test Sol-lip
/ Coup!er
Beam Splitter
32 x 0.6HA Posllloner
_mm* __]_
Relay
Fiber
posltloner F--I
I Relay,l //--
,m'_,,;,er° _ II --I I_=r--l-_,
o,..a,-- .mp,.,ar1 / °=-I
IP'.r.e'°rl I...........----_f-
/flpTM-ll_Al&_lll.ld4"tul
I09
uRi_"}KL PAGE IS
OF POOR QUALITY
Fihcr Vihu_liun Tcsl Sclup
Ile- Ne
Laser "_
[
X?Z Rotating
Stage
Fiber Optic
Lens Adapter Lens
/ Fleam Splilter / /A
Pinhole
Panda Fiber on XY
Stage
Detu{;lol"
IIPI_'IlDL_ABLTY.104"Ill
30
28
2G
24
22
18
IG
_4
12
IO
Z
6
.I
[)
Vibration Test (Single C_Jl>le)
+
A-
i
s
/
7
i
/ ,/
/
/
I/
111
0 Itil) IlL
. .A /
/
i/
/
- I " " I
21 ) 3t I
[+icqtrP.rh+s t_,[ I ui.Ke ll_.llzl
.+'_ I I..I Iz.
- I
4()
2 RIIL
5O
Ii0
_I[l
28
_G
24
22
30
14
12
In
Vihra tio n Test tBun_lle Cahle)
ORIGINAL PAGE iS
OF POOR QUALITY
./o
./J
<-
.\
p o
//"
h
/
/
/,
./
_. L( A
_ o
.............. _ .......... t ....... I....... 3 ......... 1 -
0 ]0 2() 311 41l 50
[vuquunLies ol l-ri.!4_ IKIItl
- #JO t1_ A I Iqlz 13 2 tqlz
I
60
l
0.9
0.8
l],7
O.G
0.5
0.4
0.3
0.2
Ill
I}
Visil)ilily vs Cable Vihration FrecltJenc:y
. .o .......L-..R o_." ,.
.i .. |t ......... II
)! .......
[I / -. _ i
50
I ....... I- ..... I -
fill I 31)II 71 II I
I I SinlIle t'llailn_l
I I -" I ......
IIIIWI IrI|NI 17(III
,, I h,a_,lh? t ",,hl_
2l 11Ill
111
ORIGINAL PAGE IS
OF POOR QUALITY
I
o,9
0.8
0.7
06
o5
0.4
0.3
0.2
o.I
fl
I1
Visiliility \'._ l:roqll(;,(:i{,.s 0l I;riflg{-s
i
I
I1 - - I
. i
• A . • -[/i
II l_
---- "t ........... I I I I
III 21} ]11 Ill 511
t I .ql.'ll_ it,s .f |:l ilitll_ tlq Ik
!1 Silt_}ll" (Pl_;...:i A I1.==,11,_ ('ill,It-
2
1.9
L8
1.7
1.6
I.S
1.4
G [3g
#l 1.2
_ 1.1
:_ 0.8
0.7
_ 0.6
0.S
0.4
0.3
0.2
01
Cable Vibration Frequency vs. Ihe Frequency of the Fringes at 27 G
.............. It ..................... o
o ^
o
0
[
Ill
A Siilllll_ C hllillll_l
o A
A
I............. 1 .......... l .......... I ........ • -
20 ._ICi 40 SN l;II
o B,,,_,ii,-i:_,l,,
hll
112
/
